Sustained inhibition of oxidative phosphorylation impairs cell proliferation and induces premature senescence in human fibroblasts.
The mitochondrial theory of aging predicts that functional alterations in mitochondria contribute to the aging process. Whereas this hypothesis implicates increased production of reactive oxygen species (ROS) as a driving force of the aging process, little is known about molecular mechanisms by which mitochondrial impairment might contribute to aging. Using cellular senescence as a model for human aging, we have recently reported partial uncoupling of the respiratory chain in senescent human fibroblasts. In the present communication, we address a potential cause-effect relationship between mitochondrial impairment and the appearance of a senescence-like phenotype in young cells. We found that treatment by antimycin A delays proliferation and induces premature senescence in a subset of the cells, associated with increased reactive oxygen species (ROS) production. Quenching of ROS by antioxidants did however not restore proliferation capacity nor prevent premature senescence. Premature senescence is also induced upon chronic exposure to oligomycin, irrespective of ROS production, and oligomycin treatment induced the up-regulation of the cdk inhibitors p16, p21 and p27, which are also up-regulated in replicative senescence. Thus, besides the well-established influence of ROS on proliferation and senescence, a reduction in the level of oxidative phosphorylation is causally related to reduced cell proliferation and the induction of premature senescence.